A series of aliphatic amides of amphotericin B have been synthesized. The present paper deals with the preparation and identification of aliphatic amides of amphotericin B, as well as analysis of the relationships between their structure and biological properties.
Experimental

Instrumental Analysis
The mass spectra were obtained on a Varian MAT 711 double focusing spectrometer by means of a direct introduction probe. The instrumental conditions were as follows: a) electron impact mode-electron energy 70 eV, emission current 0.8 mA, accelerating voltage 8 kV, ion source temperature 250°C, resolution (10% valley definition) 1,000; b) field desorption mode-wire heating current 18 21 mA, extraction voltage 4 kV.
The infrared and electronic spectra were recorded on UR-10 and ultraviolet-visible Carl Zeiss Jena instruments, respectively.
General Procedure of Synthesis _ of Amides of Amphotericin B In general, 930 mg (1 mmole) of amphotericin B (E. R. Squibb and Sons, batch 91830-001, assay 97 %) was suspended in 20 ml of N,N-dimethylacetamide, stirred at room temperature and treated with 10 mmoles of triethylamine, 10 mmoles of appropriate amine and 10 mmoles of diphenyl phosphorazidate. The course of the reaction was followed by means of thin-layer chromatography on DCAlufolien Kieselgel 60 F254 (Merck) using solvent systems : ethyl acetate -acetic acid -water, 4: 1 : 1 (v/v/v) or c'iloroform -methanol -water, 20: 10: 1 (v/v/v). After completion of the reaction the curde product was precipitated with 300 ml of ether, centrifuged, dissolved in 1-butanol and washed twice with water. After azeotropical evaporation of 1-butanol and water under reduced pressure, the prod-OF ANTIBIOTICS VOL. XXXV NO. 2 uct was precipitated with ethyl ether, centrifuged, washed three times with ethyl ether and hexane and dried in vacuum. The derivatives were purified by means of counter-current distribution (chloroformmethanol -water, 2: 2: 1 (v/v/v), 150 ~ 200 transfers). The purity of the derivatives which were prepared was controlled by means of thin-layer chromatography and on the basis of their extinction coefficients in methanol at 382 nm. The Silylation Procedure In all, 5 mg of the compound to be analyzed was suspended in 1 ml of toluene -N-trimethylsilylimidazole, 10: 1 (v/v), and left overnight. The solvents were removed under reduced pressure, 4 ml of heptane was added to the residue and the resultant solution was washed twice with water, dried over magnesium sulfate and centrifuged. The supernatant was then concentrated to 0.2 ml and directly used for the mass spectroscopic measurements.
N-Acetylamphotericin B n-Hexyl Amide Here, 200 mg of amphotericin B n-hexyl amide was dissolved in 5 ml of methanol -N,N-dimethylformamide, 1: 1 (v/v), cooled to 0°C, and with stirring 30 /21 of triethylamine and 25 it of acetic anhydride were added.
The reaction was completed after 1 hour (TLC on silica gel, solvent system: ethyl acetate -acetic acid -water, 4: 1: 1 (v/v/v). Then, 1 ml of 1-butanol was added and the methanol was evaporated under reduced pressure. The product was precipitated with ethyl ether, washed with ethyl ether and hexane, centrifuged, and dried in vacuum. (Yield; 190 mg, E1%1em 1300 at 382 nm in methanol, calculated purity 92%).
N-Acetyltetradecahydroamphotericin B n-Hexyl Amide To a stirred suspension of 150 mg of N-acetylamphotericin B n-hexyl amide in 150 ml of methanol 10 mg of 10% Pd/BaSO4 was added and the mixture was saturated with hydrogen for 16 hours. The catalyst was centrifuged and to the supernatant 5 ml of 1-butanol was added and methanol was evaporated under reduced pressure. The crude derivative was precipitated with hexane, centrifuged, washed with hexane, and dried in vacuum. The product was purified by means of chromatography on silica gel with the solvent system: chloroform -methanol -water, 500: 80: 6 (v/v/v). Yield; 90 mg.
N-Acetyl-l3-methoxyiminotetradecahydroamphotericin B n-Hexyl Amide To a solution of 50 mg of N-acetyltetradecahydroamphotericin B n-hexyl amide in 2 ml of pyridine 17 mg of methoxyamine hydrochloride was added and left overnight at room temperature. The mixture was poured into 6 ml of 1-butanol. The resultant organic layer was washed three times with wateracetic acid mixture 20: 1 (v/v) and concentrated under reduced pressure. The product was precipitated with ethyl ether -hexane, 1: 1 (v/v) centrifuged, washed with hexane, and dried in vacuum. Yield; 25 mg.
Determination of Biological Properties
The procedures for the determination of the biological properties of the antibiotic derivatives have been applied according to CYBULSKA et al. 7) .
The antifungal activity of amides of amphotericin B was determined against Saccharomyces cerevisiae ATCC 9763. The nutrient medium : glucose 2%, Bacto-peptone (Difco) 1%, sodium chloride 0.5 % was inoculated with yeast in the ammount I mg of dry weight per 1,000 ml. The substances to be tested were dissolved in dimethylsulfoxide at milimolar concentrations.
The resultant solutions were prepared on the basis of the extinction coefficients, and further diluted with sterile water. In all, 0.5 ml of the inoculated medium and 0.5 ml of the antibiotic solution were incubated for 24 hours at 29'C, and thereafter the extent of growth of the yeast cells was determined spectrophotometrically at 660 nm. The concentrations of the antibiotic substances at which the growth of yeast was inhibited by 50 % (IC50) were determined from the growth curves and were assumed to be a measure of the antifungal activity ( Table 1) .
The hemolytic activity was determined as that concentration of the antibiotic derivative producing a 50% lysis of human erythrocytes (EH50; Table 1 ). Erythrocytes isolated from fresh citrated human blood were washed twice with cold saline and once with isotonic choline chloride bufferd with 3 mM tris-HCl, pH 7.5. The cells were diluted 250 times with saline and equilibrated for 30 minutes at 20°C. Here, 2 ml aliquots of this cell suspension were supplemented with various concentrations of substances to be tested and the incubation was continued with shaking for 30 minutes at 20°C. The lysis of erythrocytes was followed by measurement of the hemoglobin released into the solution after removal of the intact cells by centrifugation. The degree of hemolysis was calculated according to the formula: % of hemolysis = 100 x EH/Ek where E. represents the optical density measured at 550 nm of the supernatant of the antibiotic-cell reaction mixture and Ek represents the optical density at the same wavelength of a supernatant of completely hemolysed erythrocytes. The concentrations, EH50, of the antibiotic substances causing in a 50 % lysis of the erythrocytes were determined from the hemolysis curves.
The ratio of EH50 and IC50 was taken as the measure of the selective in vitro toxicity of the amides of amphotericin B (Table 1) .
Structure-Activity Relationships Methods
The HANSCH'S method8) had been applied in order to study the quantitative structure-activity relationships. Physicochemical parameters of the amides of amphotericin B tested are given in Table 2 . The values of parameters: 7r, u* and Eg for substituents R1 and R2 had been taken directly from the literature or calculated on the basis of these data8~14). The summarized values of parameters of substituent R1 and R2: E'n, Xa* and IEs were taken as the measure of lipophilicity, electronic and steric properties of the amides of amphotericin B tested, respectively.
The presence of functional groups: amine, hydroxyl and carboxylic in the substituent R2 as well as the presence of tertiary amide were described by parameters: Dn, Do, Dc and Dd, respectively ( Table 2 ).
The equations were obtained using the method of least squares and calculated on an ODRA 1204 computer.
Results and Discussion
The preliminary data on the synthesis and properties of amides of polyene macrolide antibiotics had been previously reported". The amides of amphotericin B were obtained according to the general procedure based on the reaction of the antibiotic in the N,N-dimethylacetamide with the appropriate amine in the presence of diphenyl phosphorazidate and triethylamine. Where: R represent the remaining part of molecule of amphotricin B. E1%2em .
extinction coefficients in methanol at 382 um. v-o wavelength of bands characteristic for carbonyl bonds in oscillation spectra.
Amphotericin B was substituted with various aliphatic amines in order to establish the relations between the physico-chemical properties of the derivative and their biological activity. The chain length of the applied amines differed from one carbon unit up to eighteen. The additional functional groups, which were introduced with the amine substituent, included the following: hydroxyl, substituted amino, carboxyl and phosphonic.
The derivatives obtained and their spectroscopic data are listed in the Table 3 .
The electron absorption spectra of amphotericin B amides were identical to that of the parent antibiotic. The oscillation spectra exhibited bands of significant intensities at 1640 ~ 1675 cm-1 (for secondary amides) and at 1600 cm-1 (for tertiary amides), whereas band of carboxylate at 1590 cm-1 characteristic for the parent compound was not present in the spectra of the analyzed compounds.
The field desorption mass spectra of a number of representative amides of amphotericin B are listed in the Table 4 . They displayed prominent ions in the molecular region. In the spectra detected were the molecular ions (M+) and ions formed as a result of loss of molecules of water (M+ -n x H2O). This indicates the utility of the derivatives obtained for determination of molecular weights of the parent antibiotics.
A detailed mass spectroscopic identification procedure had been performed for amphotericin B n-hexyl amide (I). The derivative I was N-acetylated in the reaction with acetic anhydride in methanol (II) and the product further transformed by reduction with hydrogen in the presence of palladium cata- lyst, followed by treatment with O-methylhydroxylaminehydrochloride in pyridine to produce the 13-methoxyiminotetradecahydro derivative (III). The field desorption spectra of the derivatives I~III are shown on Fig. 1 . The electron impact mass spectra were taken for the persilylated derivatives of II Table 4 . Field desorption mass spectra of amides of amphotericin B.
* Ions of relative intensities above 25% were taken into consideration . Equations representing the relationship between structure of amphotericin B amides and their hemolytic activity are shown in Table 6 . The statistically most significant equation 4 explains about 99 of the variance of the biological activity. The hemolytic activity of the derivatives depends slightly on the lipophilicity whereas strongly on the presence of an additional amino, carboxylic or disubstituted amide The selective toxicity of the derivatives could be described as a parabolic function of the parameter ;r.
That means the lipophilicity of the substituents R1 and R2 determines the ST values, whereas the parameters a* and E5 do not have significant influence on its level. The predicted optimal sa value is equal to 0.79(±0.35) which corresponds to amphotericin B morpholine or 2-(N,N-dimethylamino)ethyl amides.
The calculated maximum ST value (Ig ST=2.05±0.13) is two and half times higher than that for the parent antibiotic (Ig ST=1.67±0.18). The additional functional groups introduced to amide substituents do not influence the selective in vitro toxicity.
The results obtained point to the strategy for search of new derivatives of polyene macrolides exhibiting improved biological properties as compared with the parent antibiotics. 
